The interrelationship between risks and bank efficiency has received much attention in banking literature for years, especially after the Asian financial crisis in 1997 and the global financial crisis (GFC) in 2008. This study collected and analyzed the data of 247 banks of 12 developed and developing economies in East Asia and Pacific area over the 2003-2012 period to find the empirical evidence for that relationships. Using a stochastic frontier approach (SFA) to estimate bank cost efficiency, we found that there are significant relationships among risks, cost efficiency and environmental factors, but they are in different levels when comparing between developed and developing economies, or between the periods of pre-and post-2008 financial crisis.
Introduction
The financial system plays an important role in modern economies, and the intermediary function of the banking industry has a core role in influencing economic growth (Klein, 1971; Opie & Schumpeter, 1934) . For this reason, the efficiency of banks has long been a conventional focus at both the theoretical and empirical levels. In this context, efficiency refers to the ability of banks ABOUT THE AUTHORS Dr Thu Phan has been working as a lecturer in Finance and Banking at Da Lat University since 2000. She had completed her doctoral degree under the supervision of Professor Kevin Daly, School of Business, Western Sydney University.
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PUBLIC INTEREST STATEMENT
Are people usually taking risks for an expected outcome? This topic is quite popular for all the fields of the society and attracting researchers, especially research on finance and banking. Banking industry as an intermediation has found that there are significant relationships between risks they take and their financial performance. Those relations may vary from different kinds of banks, such as private or state-owned ones; different groups of economies, at developing or developed level; and also vary from time to time, especially after some special event like financial global or regional crisis. Motivated by those variations, this study tried to examine the effects of three kinds of bank risks, including credit, liquidity and operational risk, on bank performance, measured by cost efficiency in East Asia and Pacific banking industry. The study found different significant riskefficiency relationships by economies, developing and developed countries in the mentioned region.
to generate revenue from a given number of assets and make a profit from a given source of income (EuropeanCentralBank, 2010) . In terms of the industrial level, the effectiveness of a banking system is demonstrated by its ability to provide services and maintain the stability of the system (Ngo, 2012) . It is essential to understand and manage the efficiency of financial intermediation, especially within banks, as improvements in efficiency can lead to increase in profitability and the number of funds intermediated, as well as suitable prices and better service for customers. This is beneficial for both the banking industry and economic development (Berger, Hunter, & Timme, 1993b) . 1 There are evidences for the relationships between efficiency and risks of banking industry around the world. For example, a study of Berger and DeYoung (1997) found the negative effect of risk in cost efficiency at the banking industry level, narrowed down to the failure banks only. From another view, Fiordelisi et al. in their study in 2011 tried to have a deeper sight into this relationship by diversifying the measurements of credit risks. In general, they also found that higher risk bank led to lower efficiency, which is confirmed as "bad management hypothesis". Provided a broader finding on the effects of several risk measure on bank performance, Sun and Chang in their study in 2011 found both negative and positive relationships among different kind of risks and bank inefficient scores.
Reviewing literature showed that much research has been conducted using the data of the banking industry throughout the world, particularly in the USA, Europe, and emerging Asian countries; however, few studies have compared the relationship between bank efficiency and risk in developing and developed countries. In addition, a study on the effects of macroeconomic factors and the effects of the economy and financial market shocks on banks' activities is needed. The Basel Accords provide guidance for bank risk management, and the capital requirement ratio is proved to have an effect on a bank's operation; therefore, this study added a regulation factor, capital requirement ratio in detail, as representing environmental factors. Consequently, this paper will add to the banking literature the study on the relationship between banks' cost efficiency and risks and environmental factors, by comparing developing and developed economies in a specific geographic area.
There are still some limitations of previous studies that prevented us from having a big picture of risk and cost management around the world. First, the mentioned authors' findings are only limited in separated groups of countries: developing or developed, there is still a lack of study that should be worked in the same data set to compare the effects between groups. In addition, according to the author's knowledge, there are few studies related to this field conducted in East Asia and Pacific area as a specific area having representatives on both developed and developing markets. Second, because of the available data, the effects of some environmental factors as macroeconomics indicators have not been examined to the acceptable limit. Third, because of the observed period of previous studies mostly before 2009, there is no enough time to examine the effects of global financial crisis (GFC) and needs an updated research for the period of at least 5 years after 2008.
Despite the challenging external environment, the World Bank says this area, which includes all levels of economic development (underdeveloped, developing and developed), has enjoyed remarkable economic growth in the last four decades. The 1997-1998 East Asian financial crisis, which mainly affected Indonesia, Korea, Malaysia, the Philippines, and Thailand, revealed substantial vulnerabilities in the financial sector, namely, excessive borrowing, weak regulatory and supervisory frameworks, concentrated bank ownership and family control of banks. Economies in the region have made significant progress in running current account surpluses and building up large exchange reserves, as an insurance policy against crises (WorldBank, 2007) . Several countries are experiencing rapid changes in economic development, population growth and urbanization, social transformation and technological development (WorldBank, 2014) . The East Asia and Pacific region have been emerged as the largest recipient of the developing world capital flows. Therefore, the region's financial markets and banking sectors play a core role in the world financial market (APFED, 2005) .
This study aimed to examine the relationship between risks and environmental factors and bank cost efficiency, by comparing developing and developed economies in a specific geographic area. Asia and Pacific regions with 12 chosen economies are quite representative for two different levels of economics development. In specific, the sample is divided into two different groups that represent developed economies, such as Australia, Hong Kong, Japan, Korea, New Zealand and Singapore, and developing ones, such as China, Indonesia, Malaysia, the Philippines, Thailand and Vietnam. Stochastic frontier approach (SFA) was employed to estimate efficiency and to investigate the effects of credit, operational and liquidity risks and environmental factors on bank efficiency both before and after the 2008 GFC. We use the single-step estimation procedure in the analysis: measuring banks' cost efficiency and examining the relationship between cost efficiency and risk.
Testing the relationships among three kinds of risks and bank's cost efficiency which is estimated using SFA, we found the significant effects. Those effects examined and showed difference from groups of economies divided by the level of development. We also found that the mentioned relationships vary basing on data time divided by GFC event.
The rest of this paper proceeds with four remaining sections. Section 2 reviews literature on bank's cost efficiency, risks and the relationships between them. Section 3 describes data and methods. Section 4 explains main results, other results and discussions on them. The last section is conclusion which summarizes the key main points and findings of the paper.
Literature review

Evidence on bank efficiency in East Asia and pacific region
Measuring the efficiency of a firm or a financial institution has a long history. The three most popular approaches are ratio analysis, scale and scope efficiencies, and X-efficiency. The first two methods have limitations regarding measuring and comparing bank efficiency and were recently replaced by the third approach. Two outstanding features of the X-efficiency approach are data envelopment analysis (DEA) and SFA. DEA has been applied in many studies measuring bank efficiency, but it has the disadvantage of attributing measurement errors and other noise to the efficiency scores, which can cause the inefficiency estimated to be overstated (Wezel, 2010) . SFA overcomes this limitation and decomposes the residual of the frontier into the inefficiency and the noise using explicit assumptions about the inefficiency component's distribution (Irsova & Havranek, 2011) . Empirical studies on bank efficiency have been conducted using data from the banking industry around the world in both developed and developing countries. For example, studies have been conducted in Europe by Dietsch and LozanoVivas (2000) , Maudos, Pastor, Pérez & Quesada (2002) and Resti (1997) . Other research has been conducted in Japan (Hensel, 2006) , Australia (Shamsuddin & Xiang, 2010) , across countries (Berger & Humphrey, 1997; Pasiouras, Tanna, & Zopounidis, 2009) , and in emerging markets such as India and East Asia (Dang-Thanh, 2010; Gardener, Molyneux, & Nguyen-Linh, 2011; Kalluru & Bhat, 2009; Sufian, Majid, & Zulkhibri, 2007; Vu & Turnell, 2010) . Most of these studies have applied two approaches to measuring bank efficiency: DEA and SFA. SFA has been dominant in recent applications because of its advantage over DEA in terms of assuming statistical noise (Sun & Chang, 2011) .
Research on banks' efficiency has attracted both theoretical and empirical interest, and many empirical studies have tried to identify the determinants of bank efficiency and to measure their efficiencies, in both developed and developing countries around the world. In terms of the theoretical aspect, although traditional theories of financial intermediation have been built on the models of resource allocation based on perfect and complete markets, contemporary banking theory has shown that the unresolved issues remain, through an excellent survey on the current state of banking literature by Bhattacharya and Thakor (Bhattacharya & Thakor, 1993; Santomero, 1997) .
Risks and bank efficiency
Scholars and analysts have recently grouped banking risk into various categories. Santomero (1997) divided risk into six types, based on the services provided by banks: systematic or market risk (interest rate risk), credit risk, counterparty risk, liquidity risk, operational risk and legal risks. Some of these groups overlap; for example, credit risk and counterparty risk are quite alike. In their book The essentials of risk management, Crouhy, Galai, and Mark (2006) classified risks into eight different groups: credit risk, market risk, liquidity risk, operational risk, legal risks, strategic risk, business risk and reputation risk. This classification is quite comprehensive, although not specifically related to only banks (Crouhy et al., 2006) . There is an agreement between two mentioned categories related to some main kinds of risks, including credit risk, market risk and operational risk. These main risks are also grouped and classified under the first "pillar" in the Basel Accords, issued by the Basel Committee on Bank Supervision 2 ; all other risks are defined and grouped under the second "pillar" of the Accords (Dam, 2010) . As mentioned earlier, Cornett and Saunders (2003) , Financial institutions management: A risk management approach, list 10 types of risk: interest risk, market risk, credit risk, off-balance-sheet risk, technology risk, operational risk, foreign exchange risk, country or sovereign risk, liquidity risk and insolvency risk. The following paragraphs include in-depth definitions of each type of risk.
In the banking system, "credit risk" is directly related to the traditional functions of a bank and is "the risk that promised cash flow from loans and securities held by financial institutions may not be paid in full" (Cornett & Saunders, 2003) . Throughout history, banks have managed this risk as a main part of their business. However, since the Bank for International Settlements (BIS) Accord first set out a formalized universal approach to credit banks, it has become one of the greatest concerns of scholars, analysts and empirical managers. Based on the first BIS Accord, banks were required by their regulators to set aside a flat-fixed percentage of their risk-weighted assets as regulatory capital against default (Crouhy, Galai, & Mark, 2000) . More formally, "credit risk arises whenever a lender is exposed to loss from a borrower, counterparty, or an obligor who fails to honour their debt obligation as they have agreed or contracted" (Dam, 2010) . In the operation of the banking industry, credit failures are not rare, and they have direct, critical effects on various aspects of a bank, such as the bank's liquidity, cash flows, profitability and eventually, reputation, which is why credit risk management has become a hot topic of debate. As well as research on credit risk management in developed countries, such as Europe and the USA (Fiordelisi, Marques-Ibanez, & Molyneux, 2011; Pastor, 2002) , this topic also has been researched by using cross-countries data (Ali and Daly, 2010; Berger & DeYoung, 1997; Bonfim, 2009) and in emerging-market economies (Dam, 2010; Godlewski, 2005) .
Another type of risk that has recently concerned banks is operational risk. Although this kind of risk may represent a significant share of a bank's total risk, it has only recently been added to the risk catalogue of the Basel Accord. One definition of operational risk is: "the risks that existing technology, auditing, monitoring, and other support systems may malfunction or break down" (Cornett & Saunders, 2003) . However, operational risk is still not a well-defined concept and is not easy to measure. In the context of intermediation activities, it refers to a wide range of possible failures in the operation of the organization that are not directly related to market or credit risk. Operational risks are associated with inadequate systems, management failure, faulty controls and human errors (Crouhy et al., 2000) .
Liquidity risk is a major risk that banks face, as debt maturity transformation is one of their key business areas. Cornett and Saunders define it as: "the risk that a sudden surge in liability withdrawals may require a financial institution to liquidate assets in a very short period of time at less than fair market prices" (Cornett & Saunders, 2003) . This risk happens when a bank "will not be able to meet its current and future cash flow and collateral needs, both expected and unexpected, without materially affecting its daily operations or overall financial condition" (Lopez, 2008) . In their 2013 guidance on liquidity risk management, the Basel Committee noted that a liquidity shortfall at a single institution can have system-wide repercussions and financial market developments in the past decade have increased the complexity of liquidity risk and its management (BIS, 2013) .
The interrelationship between risk and bank efficiency has received much attention in recent years, particularly after the 1997 Asian Financial Crisis and the 2008 GFC. One of the earliest studies that focused on the effects of risk on efficiency was in 1997, by Berger and DeYoung. They employed Granger-causality techniques to test four hypotheses-the "bad management" hypothesis, the "bad luck" hypothesis, the "skimping" hypothesis and the "moral hazard" hypothesis-to show the relationship between credit risk and efficiency. Their results suggested that loan quality has both negative and positive effects on efficiency; particularly, there is a negative relationship between cost efficiency and risk in failed banks (Berger & DeYoung, 1997) . Although Berger and DeYoung's study was an intensive analysis of risk effects, its procedure, based on the Grangercausality test, did not cover the causes of credit risk at the individual bank level, but came to a broader result at the industry level (Pastor, 1999 (Pastor, , 2002 . To overcome the limitations of the previous studies in terms of credit risk measurement, a 2011 study by Fiordelisi et al. used diverse measures of credit risk, including non-performing loans, 1-year-ahead expected default frequency, and 5-year-ahead expected default frequency, to examine its effects on efficiency through three separate models. In addition, this study not only focused on cost and profit efficiency but also estimated revenue efficiency and conducted robustness checks with the other measures. In general, their results showed "lower bank efficiency with respect to costs and revenues Grangercauses higher bank risk, thus confirming the 'bad management hypothesis'" (Fiordelisi et al., 2011) .
The literature review part gives a big picture of what has been done and has not been mentioned so far in doing research on bank efficiency and risks. As in most of the research topics, research in this mentioned field has been conducted with the data across countries, such as USA, Europe and several developed Asian countries. However, research on comparing the relationship between efficiency and risks of banks in developing and developed economies is still limited.
In addition, it is proved that macroeconomic factors, policies or regulations, and also the economy and financial market shocks, have had significant impacts on banks' activities and performance. That is why this study examined the effects of those mentioned external factors on the relationship of banks' performance and risks and added to the literature the significant findings from that examination.
Data and methods
Data sources
An unbalanced panel data of banks covering the 2003-2012 period were analyzed. The financial data, such as financial statements and other financial ratios, were mostly taken from Bankscope, a comprehensive world banking information source provided by Bureau van Dijk. The data sets of the banking sectors of the 12 East Asia and Pacific economies in the study were employed, a total of 247 banks. An average of 20 banks in each economy was intended, but in the cases of New Zealand and Singapore there were less than 10 banks. To avoid a domination of any country out of 12, we start collecting bank's financial statement data with a maximum of 50 largest banks by total assets in each country.
3 As our paper focuses on commercial banks, we start by dropping central banks, investment banks, securities houses, multilateral government banks, non-banking credit institutions and specialized government financial institutions. That scope built an unbalanced panel data consisting of 2,378-yearbank observations for the 10 years from 2003 to 2012. The detail distribution of observations across economies is shown in Table 1 .
Measurement of cost efficiency
The first aim of this study was to measure the efficiency of East Asia and Pacific banking industries. In-line with Berger and Mester (1997), we measure cost efficiency by how close a bank's actual cost is to what a best practice bank's cost would be for producing identical output under the same conditions. As discussed earlier, cost efficiency can be achieved using one of two common approaches: the parametric SFA and the nonparametric DEA. While DEA is built under the assumptions that there is no random error, SFA "specifies a functional form for the cost, profit, or production relationship among inputs, outputs, and environmental factors, and allows for random error" (Berger & Humphrey, 1997) . Indeed, SFA approach modifies the traditional assumption of a deterministic production frontier which got its advantage (Sun & Chang, 2011). 4 Using SFA to measure efficiency scores, it, therefore, helps us to control for measurement error and other random effects and has, therefore, been widely applied to banking and other industries (Aigner, Lovell, & Schmidt, 1977; Berger & Mester, 1997; Kumbhakar & Lovell, 2000) . Following Battese and Coelli (1997) and Bonin, Hasan, and Wachtel (2005) , we conduct the stochastic frontier estimation using a translog specification of cost function to obtain efficiency scores across countries, based on the assumption that efficiency differences among banking industries are determined by country-specific characteristics. 5 The cost model can be written in its general form as follows:
where TOTALCOST it is total costs of bank i at time t and f 1 Y it ; P it ð Þ is the cost frontier. In this model, bank efficiency is measured in relation to a global best practice frontier. In Equation (1), Y it represents the logarithm of the output of bank i at time t, P it is a vector of the logarithms of the input prices of bank i at time t, u it captures cost inefficiency and is independent and identically distributed with a truncated normal distribution. Hence, the total costs a bank faces are never lower than the costs of the frontier (see Berger, Hancock, & Humphrey, 1993a for a graphical representation of the frontier and its dynamics), v it captures measurement error, and random effects are distributed as a standard normal variable. Both u it and v it are represented in Equation (2) as time and bank specific. It is also crucial to note that Equation (3) models inefficiency and its explanatory variables, where z is the vector of n variables that drive the inefficiency of bank i at time t. The deltas represent the coefficients. Equations (1) and (3) are solved in one step using maximum likelihood estimation in which detailed descriptions of SFA are provided in the Appendix.
The cost (in)efficiency scores of individual banks, Inefficiency i ¼ exp u i ð Þ, estimated from the SFA would take a value between one and infinity. However, to make our results comparable, we follow the methodology used by Pasiouras et al. (2009) to generate the index of cost efficiency as follows: COSTEFF i ¼ 1=Inefficiency i . Thus, our dependent variable, COSTEFF, denotes efficiency score ranges between 0 and 1 with values closer to 1 indicating a higher level of bank efficiency. To examine the effects of risks on (in)efficiency while controlling for other bank-and country-specific characteristics, μ it in Equation (3) is specified in terms of COSTEFF in the Equation (4).
All of the variable measurements of this estimation, including total interest expenses, total noninterest expenses, total assets, total fixed assets, total short-term deposits, total long-term deposits, total loans, other earning assets and liquid assets, were available from the financial statements of sample banks, on the Bankscope database. Table 2 shows the definitions of all variables used in estimating cost efficiency.
The descriptive statistics of all variables are provided in Table 3 . Some of the main indicators shown in Table 3 indicate the "big picture" of the East Asia and Pacific banking sector. It is clear that there is a large gap between the banks of developed and developing economies; the mean of developed banks' total assets is almost double the size of the mean for developing banks.
Basic model
The following equation is used to estimate the relationships among three kinds of risks and efficiency:
where COSTEFF i,c,t is the cost-efficiency scores of bank i in country c in time t. The variable Bank Risks serve as a proxy for types of bank risk, including credit risk, liquidity risk and operational risk. In-line with Sun and Chang (2011), we measure credit risk by capturing the ratio of loan loss reserves over gross loans (LLRGL), which is used to capture output quality and how the manager invests in highly risky assets. Similarly, a set of two variables is used for accounting operational risk: the ratio of equity and total assets (ETA) and return on asset volatility (ROAV). In particular, the role of ETA is to capture financial distress and the probability of bankruptcy; ROAV is an accounting-based volatility indicator calculated by a logged 3-year standard deviation of ROA. The equity to asset ratio measures the equity position of a bank as a fraction of total assets. The ratio of cash and due from banks to total assets (CDTA) is used to measure liquidity risk (Altunbas, Liu, Molyneux, & Seth, 2000) . The year and country effects are also considered and measured with year and country dummy variables.
We also employ six control variables, with two at bank level and four at banking industry and country levels. At the bank level (Bank Controls), log of TOTALASSET and TOTALDEPOSIT plays the role of bank size indicators, used to control banking scale (Bauer, Berger, Ferrier, & Humphrey, 1998; Berger, Hasan, & Zhou, 2009; Westman, 2011) . Bank Regulation Control represents for key bank regulations stressed by the Basel Committee. Following Laeven and Levine (2009) and Barth, Caprio, and Levine (2013) , we control bank regulatory by capital ratio requirement (REGULATION) on bank activities. Furthermore, Macro Controls are the vector of macroeconomic controls including economic growth (GDP) and inflation (CPI). To compare the different effects of bank risk on efficiency before and after GFC, we also employ a dummy variable (YCRISIS) that takes a value of one for the years 2008-2012 and zero otherwise. Moreover, following Sun and Chang (2011) , two instrument variables for testing endogenous problem are used: Total Equity (EQUITY) and the ratio of liquid assets to total liabilities (LIQUIRATIO). Table 4 lists all the variable definitions of the testing process. Table 5 shows the statistics summaries of all of the variables. The statistics measurements of risks between groups of economies show that the means of the ratios of developing economies were much higher than the other group. Although a firm conclusion cannot be drawn from that data, it seems that the developing banking systems, with a mean ratio of ETA of around 10%, were operating more safely than the developed systems (7%). However, the ROAV in developing banking systems was double that of developed banking systems, indicating a highly volatile operating situation. The macroeconomic indicators show that the CPI and IR of developing economies were at higher volumes than are normal for emerging markets. Table 6 reports cost efficiency of East Asia and Pacific developed and developing economies over 2003-2012 period. The overall average of efficiency scores indicates that the observed banks could have produced their outputs using 62% of their actual inputs. Although the mean of the costefficiency scores is at the medium level, there is a large gap in cost management between the banks in the East Asia and Pacific banking system, in which the cost-efficiency scores range widely, from a very low 0.2% up to 98%.
The mean efficiency scores of the two groups of economies, in developing countries (i.e. China, Indonesia, Malaysia, Philippines, Thailand and Vietnam) and developed countries (i.e. Australia, New Zealand, Hong Kong, Singapore, Japan and Korea), showed a surprising result. The mean for developing countries was much higher (70%) than that of the developed countries (51%). However, this was mainly because Japan, which had around 50% of the developed group's bank-year observations, had the worst level of cost efficiency, with mean scores of only 28% during the period 2003-2012. In fact, most of developed countries that were observed had mean efficiency scores that were equal to or higher than the overall score. Australia and New Zealand scored 82% and 86%, respectively, in-line with previous studies of developed countries (e.g. the USA, Germany, France, Italy and Spain), which also found average efficiency scores of around 80% (Berger & DeYoung, 1997; Pastor, 2002) .
In the developing countries group, the two countries with the lowest efficiency (the Philippines and Thailand) scored around the average level, at about 60%. The efficiency scores of other countries in this group ranged from 72% (Malaysia) to 86% (Vietnam), leading to a group average of 70%. In a previous study on 12 transition economies in Central and Eastern Europe during the period 1993-2000, Yildirim and Philippatos measured bank cost efficiencies using both SFA and DEA. Their SFA results had an average score that was higher than the mean for our research, at around 77%. This score means about one-quarter of bank resources are wasted during the provision of banking services in transition economies, on average (Yildirim & Philippatos, 2007) .
The results of our analysis are comparable with those of a previous study in Asian emerging countries by Sun and Chang (2011) , which were typically in the vicinity of 70%. Table 6 also provides a picture of cost management of each economy in terms of their cost-efficiency score. Most of sampled banking systems had a wide range of bank efficiency scores; for example, New Zealand and Vietnam. Varied ranges in cost efficiency from the minimum scores to the maximum scores of those mentioned countries are only around 10% and 20%, respectively. In the other economies in the East Asia and Pacific area, minimum efficiency scores were less than 40%, even less than 10% in the cases of Japan, Singapore, Thailand and Malaysia. However, this cannot be used to draw any conclusions about the stability of their banking systems; further examination would be required for that. According to a study of European transition economies by Yildirim and Philippatos, Poland and Spain were the most efficient countries during the period 1993-2000, at 85% and 82%, respectively, while the Russian Federation and the three Baltic States were the least efficient, at around 70%. Table 7 reports effects of financial crisis 2008 on cost efficiencies of separated groups of economies in East Asia and Pacific area. The means of the efficiency scores in groups of years are generally similar, at around 62%. However, the periods before and after the 2008 GFC show different trends. From 2003 to 2007, the means of the efficiency scores increased steadily from 59% to 66.5%; the scores declined after 2008, to less than 60% in 2012. It could be predicted that the GFC event would have an effect on efficiency scores and that the effects would be more marked for developed economies than for the developing group. Table 4 .5 shows that the means for developed economies rose from 54% to 73.4% during the period 2003-2007; conversely, the average cost-efficiency scores of developing countries' banking systems was quite stable, with average scores across years of 70% for both the period before and after the GFC. A 2011 study on cost efficiency in Asian emerging countries by Sun and Chang showed some trends that were similar to our results, but in a different period: 1998-2008. Their study included five of the countries in our sample: China, Korea, Malaysia, Philippines and Thailand. Their results confirmed our results, with China presenting consistently higher cost efficiency and Thailand and the Philippines being in the lowest group of cost management. Table 8 reports our baseline results. As a problem can arise, related to multicollinearity, if all the risk measures were put into the same model, the process of testing the relationships went through four main models: models 1-3 examined the separate effects of credit risk, operational risk and liquidity risk, and model 4 examined the combined effects of three kinds of risk on cost efficiency, estimated from the last stage of this paper, over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . Table 8 reports estimations of the parameters from Equation (4) using cost-efficiency scores (COSTEFF) as a dependent variable. Model 1 examines credit risks measured by the ratio of LLRGL as a determinant of cost efficiency. It was found that this ratio had a significant negative effect on cost efficiency at the 5% t level, which means that a bank with a higher loan loss reverses ratio will have reduced cost efficiency. A higher ratio of loan loss reverses over gross loan would mean that a bank has a larger possibility of nonperforming loans (Sun & Chang, 2011) . The results of this study are in-line with the conclusions of most studies on credit risk effect, such as a study of eight Asian emerging countries by Sun and Chang (2011) and studies of developed economies, such as the ones of the European banking system by Pastor (2002) and Fiordelisi et al. (2011) ; or of the American market, by Berger and DeYoung (1997) . This is a reasonable explanation for the depressing effect on cost efficiency of higher credit risk measures. The implication is that the higher loan loss reverses ratio leads to a higher cost of dealing with these non-performing loans and leads to a lower management level (Berger & DeYoung, 1997) .
Bank cost efficiency, risks, and environmental factors
Model 2 in Table 8 illustrates the effects of operational risk measures on bank cost efficiency. In this case, operational risk is measured by ETA ratio and ROAV. The results show that both the ETA ratio and ROAV have significant negative effects on the cost-efficiency scores. The first effect from the ETA ratio, with a negative significance at the 1%, level indicates reduced benefits for banks in this higher ratio. The implication is that a riskier bank operation tends to have a higher efficiency. This also explains why bank managers choose a higher debt ratio to reach a more efficient level of operating.
Previous studies have had inconsistent results regarding capital ratio. While Sun and Chang (2011) found a similar trend to that shown in this study in the relationship between ETA ratio and cost efficiency, other studies conducted in United Arab Emirates, Poland, Turkey and Europe have come to the opposite conclusions; Havrylchyk (2006) and Isik and Hassan (2002) , examining the Polish and Turkish banking systems respectively, found a positive relationship between two variables. In addition, both Rao (2005) and Fiordelisi et al. (2011) defined ETA as a capitalization risk and confirmed that well-capitalized banks have higher quality management. Their results support the Basel recommendations on bank capital adequacy as a standard of controlling operational risk and raise the issue of moral hazard in banking operations. These conflicting conclusions indicate that the ideas of safe operating, moral hazard and cost management are still controversial issues for researchers in the banking field.
With regard to the effect of ROAV, the negative relationship, at the 5% level, means that a bank with higher ROAV has an increased uncertainty in its operations and tends to be less efficient than other banks. This result is in-line with the findings of Berger & Mester (1997) and Sun and Chang (2011) , which confirmed that poor bankers might be unfavorable as regards both cost and risk management.
Model 3 in Table 8 shows the relationship between liquidity risk factor and bank cost efficiency. The result indicates that a bank with a lower ratio of cash and due from banks to total assets (i.e. higher liquidity risk) has a higher level of cost efficiency. It confirms the conclusion of risk taking related to ETA ratio in the previous model; that is, the safer banks in terms of liquidity risk tend to be lower in cost efficiency. It is common knowledge that the cost of liquidity is one of the highest costs in an operating bank, because banks have to pay without earning to maintain a high amount of cash and cash equivalent. A study in United Arab Emirates by Rao (2005) found conflicting evidence on this relationship and concluded that a higher liquidity ratio tended to increase banks' cost efficiency during the observed time. This raises the same issue regarding risky and efficient operations in the banking system, such as ETA ratio analysis, and requires further study. Table 8 examines the combined effects of all risk variables on cost efficiency simultaneously and provides exactly the same trends as the separate models. Thus, it can be concluded that all kinds of risks have negative effects on banks' cost efficiency. That means a high level of risk factors in all mentioned fields, including credit, operation and liquidity, leads to a low level of cost management.
Model 4 in
This study found that the control variables also had significant effects on cost efficiency. Interestingly, all of the control variables had the same effects on cost efficiency across all the models, indicating that multicollinearity was not a concern in this study. Another interesting finding shown in Table 8 is that most of control variables have significant effects at the 1% or 5% level, except for GDP. The reason that GDP has no effect on bank efficiency is that it is unlike the other control variables (e.g. the banks' assets and deposits, inflation, interest, banking system regulation, etc.), which all relate to the banking system operation at both bank and country level.
At the bank level, TOTALASSET and TOTALDEPOSIT had opposite relationships with bank cost efficiencies: TOTALASSET has a positive effect on cost efficiency; TOTALDEPOSIT has a significant negative effect at the 1% level. This could imply that banks that are bigger in terms of total assets are more efficient in cost management. However, banks that are bigger in terms of total deposits This table reports the results of examining the relationships between three kinds of risk and cost efficiency. Models (1) -(3) examined the separate effects of respectively credit risk, operational risk, and liquidity risk, model (4) examined the total effects of three of risks on cost efficiency that estimated during the period 2003-2012. The measures of risks are LLRGL, ETA, ROAV, CDTA. There are six control variables, including TOTALASSET, TOTALDEPOSIT, CPI, IR, GDPLOG, REGULATION, and two dummy variables, including YCRISIS, DEVLOP. * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
tend to have lower cost efficiency because they deal with a high liquidity ratio and face a high pressure of paying interest expenses. This is additional evidence for the effect of liquidity risk on cost efficiency, as previously mentioned.
At the country level, most of the control variables (except for GDP) have a positive relationship with bank efficiency in terms of cost management. It is difficult to explain this situation when high inflation (represented by CPI) and high IR are reputed to be bad indicators of the economy, especially of the banking sectors. In addition, the ratio of capital requirement (represented by REGULATION) is one of the factors that limit the operation and income of banks. The most reasonable explanation is the intermediary role of banks in the economy. Banks run their business on trading money and the above macroeconomic factors provide materials for their business. This implies that higher ratios of inflation, interest and capital requirements help the banks to get more jobs, earn more income with the same expenses, and then push the cost efficiency upwards. This study's analysis of the environmental variables contributes to the literature on the banking system, with the confirmation of more determinants of bank performance. Table 9 provides the results of testing the relationships between three kinds of risks and bank cost efficiency across the 12 studied economies in the East Asia and Pacific area. The analysis shows large differences in the relationships. With regard to the effect of credit risk, while there are the negative coefficients in most of economies, Thai banking industry shows a totally different result with positive and significant coefficient on LLRGL (at the 5% level), indicating that a higher credit risk in Thai banks could lead to higher efficiency. Notably, we find the similar trend for Indonesian banks in which the relationship between cost efficiency and operational risk measured by ETA coefficient is positive and statistically significant. For liquidity risk, we find two representatives for this opposite direction which have positive significance at the 5% level, they are New Zealand and Hong Kong. The implication in most of cases that have negative relationship is a bank with high deposit intending to be lower efficient in terms of cost management. This means that these relationships were affected by the context of each economy and, therefore, require further examination to allow comparisons between the countries.
Further analysis for different groups of economies and different periods
The results in Table 10 provide further detail about the differences in cost management and risk relations between the two groups of economies in terms of their development level. The results of the four models in the previous section were analyzed, but only the combined models (4a and 4b) are discussed here. For the four measurements of risk (LLRGL, ETA, ROAV and CDTA), the same negative effects were found in both groups of economies. These effects were consistent with the analysis of the full sample in the previous section, which conformed that there were strong relationships between credit risk and operation risk, measured by ETA, whether in a developing or developed banking system. This implies that controlling these risks has a role in managing cost efficiency at all levels of economic development. However, while ROAV and CDTA were still significant factors in developing economies, at the 1% level, they seemed to have no effect on cost efficiency in developed countries.
We now examine the impact of the 2008 GFC on the relation between cost efficiency and risks of separated group of economies in East Asia and Pacific area. Table 11 provides the results of the examination of the full sample, for both developed and developing economies, divided into two periods: pre-crisis and post-crisis. With regard to the full sample, only the effects of LLRGL and ROAV changed from significant in the pre-crisis period to insignificant in the post-crisis period. This could imply that the way banks dealt with the GFC affected their level of cost and risk management and changed these relationships. Further research would be required to confirm this theory. This also applies when dividing the full sample into the two groups of economies. In particular, developed groups seemed to be much more affected by the GFC than the developing group. While LLRGL and CDTA both lost their relationship of significance when changing from before to after the financial crisis, Table 9 . Estimation results for the effects of risks on cost efficiency across economies in East Asia and Pacific area Model (2a) Model (3a) Model (4a) Model (1b) Model (2b) Model (3b) Model ( ROAV had a significant effect on cost efficiency for the whole 2008-2012 period. ROAV was also the only risk factor with a changed relationship in both the developed group and developing group.
Robustness test: testing for endogeneity
To alleviate the potential dynamic endogeneity inherent in the bank risks-efficiency relationship, we carry out the Durbin-Wu-Hausman test (Davidson & MacKinnon, 1993) as our robustness check. According to Sun and Chang (2011) , since both risk-taking behavior and efficiency are simultaneously determined in a banking system in which efficient goal is a component, changes in risk behavior should not be systematically related to changes in bank efficiency. If bank risk variables are endogenously determined, the regression model may be mis-specified. In other words, bank risks should be unrelated to financial performance in terms of cost efficiency in the presence of endogeneity sourced from simultaneity and unobserved heterogeneity (Sun & Chang, 2011) . The Durbin-Wu-Hausman test is performed to justify the use of the two-stage least squares method (2SLS). First, a "suspicious" endogenous variable (e.g. LLRGL, ETA, ROAV, CDTA) is regressed against all the exogenous variables and instrumental variables and the residuals (i.e., LLRGL_res) are saved. The two selected instrumental variables are total equity (EQUITY) and ratio of liquid assets to total liabilities (LIQUIDRATIO). 6 For example, the equation for examining the endogeneity of LLRGL is specified as follows: If the coefficient of LLRGL_res is statistically significant, the regression result obtained from Equation (4) will be inconsistent and biased. Therefore, 2SLS is justified and should be applied to SFA. As shown in Table 12 , the DWH test results show that coefficients of residuals of bank risk variables are not statistically significant, suggesting that all risk type variables are exogenous and thus endogeneity is unlikely to be a problem.
Conclusion
This study adds to the banking literature a research on risks and environmental factors in the relationships with bank cost efficiency through the view of comparisons between developing and developed economies in a specific geographic area. We collected an unbalanced panel data of 247 banks in 12 developed and developing economies in East Asia and Pacific region, including Australia, Hong Kong, Japan, Korea, New Zealand, Singapore; and China, Indonesia, Malaysia, Philippines, Thailand, Vietnam, First, we found that the overall average of efficiency scores indicate that the observed banks could have produced their outputs using 62% of their actually spent inputs. It is not a high score in comparison with previous studies on the area having the same level of development. We also have a surprising result when comparing scores between groups of economies when efficiency scores' mean of developing countries is much higher than developed countries' one, even 20% higher. In detail, mean of developing countries is around 70% in comparison with only 51% of the other group. Second, we found the significant negative effects of three kinds of risk, including credit risk, operation risk and liquidity risk, on banks efficiency. However, there are different levels of the significant effects among developed and developing economies. The finding also confirms that the environmental factors have significant effect on banking system when most of control variables have significant effects at 1% or 5% level, but GDP. We also found that there are the different effects of risks on bank cost efficiency between developing and developed economies, and between period pre-and post-GFC.
With regard to the environmental factors studied, there was evidence that most of the control variables relating to the economic environment, such as inflation, market interest rate and capital requirement, have positive significant effects on banks' cost efficiency. The analysis of the environmental variables that was conducted in this study contributes to the literature, with the confirmation of more determinants of bank performance. It also indicates that policy makers need to ensure that their countries' economies are in a mature and stable situation, to boost the level of efficiency of the commercial banks. This is crucial, because the banking industry serves as the main channel for monetary policy transmission in the developing countries.
There were some limitations in this study that give rise to further research opportunities in this field. First, this study applied only SFA to estimate efficiency scores. An alternative approach could employ DEA to estimate efficiency or apply both SFA and DEA to the same data set to achieve a compared result and a deeper finding in measuring cost efficiency. Second, when measuring banks efficiency functions, there are three points of view that can affect the efficiency scores: cost efficiency (selected for this study), profit efficiency and production efficiency. Future study applying all three functions in estimating efficiency scores for the same data set would achieve deeper findings and stronger recommendations for both bankers and regulators. Although 12 observed economies in the East Asia and Pacific area is a large enough sample to have representatives in all levels of economic development, a future study with the same methodology could expand its sample to regions throughout the world, thus providing a "big picture" in the field of efficiency and risk, as well as an overview of the world's banking systems, especially for the 5 years since the 2008 GFC Author details Thu Phan in which inefficiencies are assumed to follow an asymmetric distribution, usually the half-normal, while random errors follow a symmetric distribution, usually the standard normal (Berger & Humphrey, 1997) . 5. We follow recent cross-country studies (e.g. Doan, Lin, & Doong, 2018; Lin, Doan, & Doong, 2016 ) that account for differences arising from country-specific aspects of regulatory conditions, financial freedom, credit information and other macroeconomic conditions by including the indicators of these environmental factors in a more comprehensive definition of a common frontier. 6. The instrumental variables are inspired by Sun and Chang (2011) .
